Inhibition of carbonic anhydrase potentiates bevacizumab treatment in cholangiocarcinoma.
Cholangiocarcinoma (CCA) is a unique liver cancer subtype with an increasing incidence globally. The lack of specific symptoms and definite diagnostic markers results in a delayed diagnosis and disease progression. Systemic chemotherapy is commonly selected for advanced CCA even though its advantages remain unknown. Targeted therapy, especially anti-vascular endothelial growth factor (VEGF) therapy, is promising for CCA; however, improvements in the therapeutic regimen are necessary to overcome subsequent resistance. We demonstrated VEGF expression was higher in CCA cell lines than in other liver cancer cells. Secreted VEGFs played roles in the induction of peri- and intra-tumoral vascularization. VEGF neutralization by bevacizumab effectively reduced tumor growth, mainly through the suppression of angiogenesis; however, increases in the expression of hypoxia-inducible factor 1α (HIF1α) and HIF1α-responsive genes (such as VEGF, VEGFR1, VEGFR2, carbonic anhydrase (CA) IX and CAXII) indicated the potential for subsequent therapeutic resistance. Supplementation with a carbonic anhydrase inhibitor, acetazolamide, enhanced the anti-CCA effects of bevacizumab. Anti-angiogenesis and anti-proliferation were observed with the combination treatment. These results suggested a novel treatment strategy to overcome anti-angiogenesis resistance and the importance of "induced essentiality" in the treatment of CCA.